chemical functions of soil microorganisms. Global climate changes directly affecting the temperature and water regimes alongside with increasing humaninduced adverse impact may change significantly the biodegradation tendency and intensity for organic substrates. A hypothesis of that a final result of substrate destruction depends not only on its chemical composition but also on a structure of destructing microbial community gains increasingly strong confirmations. However, regularities of biodiversity formation and microbial community functioning during the straw decomposition remain unstudied [1] . It is particularly associated with the multifunctionality of microorganisms, i.e. changes in the microbial community structure do not necessarily depend on a type of substrate applied [2] .
One of the most important components of plant residues, including those by their weight, is cellulose. Straw is one of the most affordable crop residues in agriculture, which are recommended to be left on fields and added to soil. It is considered a good resource for humus accumulation. According to different sources, its isohumic coefficient equals to 0.10-0.25, i.e. leaving of 2-4 t of straw causes the formation of 0.2-1.0 t of humus per 1 ha [3] . We have assumed that pure cellulose and straw will be decomposed in different ways due to their chemical peculiarities. Straw consists of 90 % of fiber, which is composed of 35-45 % of cellulose, 14-20 % of lignin, 20-30 % of pentosans, 2-3 % of kutin, and 3-5 % of silica salts [3] . As a consequence, the destruction of different substrates will involve different microorganisms, first of all, cellulosedecomposing ones, that is of real practical and academic interest [4, 5] .
The study of a microbial community when adding straw and pure cellulose in soil by molecular methods will enable to better demonstrate a role of the functional structure of the community, trace its relationship with a taxonomic composition, space-time variability of the mentioned indicators, and agrochemical parameters of soil. This approach will make it possible to establish a probable role of microorganisms which are not taken into account by traditional methods. It is also interesting to consider differences in the taxonomic composition of microbial communities that decompose straw and pure cellulose over time, and compare microbiomes formed by the end of the process.
It was first shown by the high-throughput sequencing method that the introduction of straw in soil caused deeper changes in the structure of the microbial community than the introduction of chemically pure cellulose.
The objective of the work was to implement an integrated approach that combines conventional biochemical techniques for estimation of intensity of biodegradation processes with modern molecular methods in order to study microbial communities decomposing two cellulose-containing substrates (straw and filter paper) over time.
Technique. In a model experiment, chemically pure cellulose (as a very fine-chopped filter paper) and shredded straw of barley (ash 7.6 %, N total 1.95 %, P total 1.1 %, K total 2.47 %) were added to typical chernozem sampled in Voronezh region (Kamennaya Steppe conservation area, 510141.6N, 404339.3E) in fallow areas from a depth of 2-15 cm (C total 4.48±0.06 %, C humus 4.37±0.05 %, N total 0.394±0.002 %, pH water 6.31±0.01, pH salt 7.35±0.0, total exchangeable bases 44.17±0.43 mg-equ/100 g, labile phosphorus and potassium content according to Machigin 67.5±8.0 and 12.6±0.8 mg/100 g). Soil without any cellulose-containing substrates added was used as a control.
The substrate was added at 1 g per 100 g of soil. The experiment was carried out in Petri dishes, in 5 replicates for a period of the experiment, and 7 replicates for the last measurement. Dry soil (50 g) was placed into each dish and 30 g of dry soil was places into each 500 ml vial (to measure carbon dioxide emissions, in 5 replicates). The soil was wetted up to 50 % of the full field moisture capacity, placed under a glass dome together with a water container in order to maintain the constant humidity level and incubated in a dark room at 23-25 C. СО 2 emission, contents of nitrates, ammonium nitrogen, labile carbon, microbial biomass were estimated on the day when the substrate were introduced (day 0), as well as on days 7, 14, 21 and 28. The taxonomic structure of a microbiome was identified based on the total DNA analysis. All the data was obtained for a mixed sample, in 3-5 replicates.
Agrochemical soil analyses were conducted by generally accepted methods [6] . Content of labile carbon in an extract, according to Shults [7] , was identified using Ultraspec spectrophotometer (LKB, Sweden; λ = 340 nm) [8] . Soil respiration was measured by Tsvet gas chromatograph (ZAO Tsvet, Russia) equipped with a thermal-conductivity detector and using helium as a carrier gas. Microbial biomass in soil was measured by the substrate-induced respiration method [9] , with identifying the total biomass and fungal biomass (treatment with streptomycin and rifampicin, 16 mg of antibiotic per 1 g of soil).
DNA was extracted from 0.5 g of soil in 3 replicates for each time period (a total of 45 samples). The samples were exposed to mechanical breakdown for 1 min in an extraction buffer with glass beads at the maximum power in Precellys apparatus (Bertin Technologies, France). The extraction buffer consisted of 350 µl of solution A (200 mM sodium phosphate buffer, 240 mM guanidine isothyocyanate; pH 7.0), 350 µl of solution B (500 mM Tris-HCl, 1 % SDS, w/v; pH 7.0), 400 µl of phenol:chloroform mixture (1:1). The preparation was centrifuged at the maximum speed for 5 min. Then, the aqueous phase was sampled and the re-extraction with chloroform was conducted. DNA was precipitated by adding an equal volume of isopropyl alcohol. After centrifugation, the precipitate was washed by 70 % ethanol and dissolved in water at 65 С for 5-10 min. It was purified by 1 % agarose gel electrophoresis with further DNA extraction from the gel by silicon oxide sorption method [10, 11] .
The purified DNA preparation (10-15 ng) was used as a matrix for the PCR (30 s at 95 С, 30 s at 50 С, 30 s at 72 С; a total of 30 cycles) with applying Encyclo polymerase (Evrogen, Russia) and universal primers to variable region V4 of 16S rRNA gene: F515 (5-GTGCCAGCMGCCGCGGTAA) and R806 (5-GGACTACVSGGGTATCTAAT) [12] . Besides, oligonucleotide identifiers for each sample and auxiliary sequences required for pyrosequencing as per Roche protocol (Switzerland) were introduced in primers. Sample preparation and sequencing was carried out in GS Junior apparatus (Roche, Switzerland) in accordance with the manufacturer's recommendations.
The resulting sequences were analyzed in QIIME 1.8.0 [13] . Libraries were classified by identifiers, sequencing quality was checked and nucleotide sequences were filtered, sequences were combined into operational taxonomic units (OTU, analogue of species) by de novo method based on 97 % threshold of similarity of genes 16S rRNA [14] , representative sequences were sampled (one from each OTU), representative nucleotide sequences were aligned by Uclust method, matrix of genetic distances and phylogenetic tree were constructed by Fasttree method. The sequences presented in all samples less than twice as well as those belonging to chloroplasts were deleted from the data obtained. Taxonomic identification of OTUs was carried out using RDP algorithm (http://rdp.cme.msu.edu/) and Greengenes data bank [15] .
Based on the table of OTU representation in samples, Shannon's biodiversity indices (ChaoI) were calculated: S est (ChaoI) = S obs + a 2 /2b, where, S est is the estimated number of OTUs; S obs is the observed number of OTUs; a is the number of OTUs found once; b is the number of OTUs found twice. Moreover, cumulative curves that characterize the OTU number expansion over time depending on the quantity of sequences experienced sequencing have been plotted. Statistical processing was carried out in QIIME (http://qiime.org/). In recording the bacterial biomass, nitrate nitrogen content in soil and СО 2 emission, the mean values and standard errors of mean (±SEM) were calculated. Significance of differences was estimated by the Student's t-test (significance level p < 0.05).
Results. One of the parameters reflecting an increment in microbiological activity of soil during the destruction of complex organic compounds is an amount of bacterial biomass. The maximum biomass was registered after the straw had been added to soil (Fig. 1, A) . The total bacterial biomass accumulated after introduction of cellulose in soil showed no statistical difference from the control. The reason for this was probably a lack of nitrogen accessible for microorganisms as there was no nitrogen in the chemically pure cellulose, while in the straw it was present with carbon at the ratio of C:N = 23.7. In addition, the tested straw contained a considerable amount of labile organic substances that resulted in the increase of their proportion in soil by 40 % as compared to the control. Assessment of the amount of СО 2 released has shown that biological processes after introduction of straw were the most intensive for the first 3 days (see Figure 1 , B) due to the use of water-soluble organic compounds that is consistent with the literature data [16] . For cellulose, there was a delay in activation of microorganisms followed by carbon dioxide emission (lag-phase was observed) [17, 18] . Starting from day 8, the intensity of carbon dioxide release from soil decreased.
The introduction of cellulose and straw decreased the content of nitrate nitrogen in soil as compared to the control (see Fig. 1, C) , and the decrease for straw was lesser than for pure cellulose. It is explained by the already mentioned absence of nitrogen in the filter paper that causes the immobilization of mineral nitrogen from soil during the decomposition process [3] . For straw, the substrate was decomposed with the use of nitrogen contained both in soil and the substrate itself.
Our data obtained by conventional methods are consistent to each other. During the first 7 days we observed the gain in biomass and activation of respire-tion processes related thereto when the straw was added. For cellulose, there was no significant gain in biomass, and the respiration intensified with delay. It may be assumed that the straw as a substrate has stimulated a considerable part of the bacterial community, including R-strategists which actively utilize easily-accessible nutrients from plant residues [18] . Cellulose has activated a small number of microorganisms specialized only in the destruction of this substrate. The observed dynamics of amounts of nitrogen-containing compounds was associated with that soluble forms of nitrogen in the experiments with cellulose-containing substrates were involved in the biodegradation of the latter. Since the straw contains organic nitrogen in itself, bacteria will, first of all, consume this nitrogen. As a result of sequencing DNA extracted from soil, 87,563 sequences belonging to 408 OTUs have been obtained. There were OTUs from 22 bacterial phyla and 1 archaea phyla, as well as 265 procaryotic families. Biodiversity of the bacterial community in soil remained unchanged irrespective of the substrate introduced (indices of Shannon and ChaoI varied within 7.4-6.9 and 611-528, respectively).
Straw added to soil had greater impact on the bacterial community composition than the filter paper did. According to the high throughput sequencing and the agrochemical analysis, the most significant changes in the community composition were observed on day 14 with its further recovery to the original state (control, Fig. 2 ) that was indicative of the community homeostasis, the maintenance of which resulted in the original structure recovery in the decomposition processes of cellulose-containing substrates. It should be noted that bacteria families was found whose proportion in the community either decreased (Gaiellaceae) or increased (Chthoniobacteraceae, Xanthomonadaceae, Chitinophagaceae) (Fig. 3) . On the plot constructed by the principal component method for the cellulose introduction, all the samples (irrespective of sampling time) were close to the control ones. Hence, cellulose had a slight impact on the microbial community in soil at initial biodegradation stages.
On day 28 of the experiment with straw, we observed a significant increase in a number of bacteria (88 times as much in some cases) belonging to genus Chitinophaga, families Streptosporangiaceae and Micromonosporaceae (Fig. 4) . According to the present-day data, representatives of these taxa are able to destroy cellulose [19] [20] [21] . On day 28 after introducing the filter paper in soil, an increase in abundance of bacteria of families Promicromonospora and Devosia was registered (Fig.  4) . They also can produce cellulosolytic enzymes [22, 23] . Only one OTU has been revealed there, its number increased both for the straw and for filter paper. This OTU belonged to genus Chthoniobacter phylum Verrucomicrobia. Bacteria of the phylum are understudied yet (one cultivated representative), therefore, there is no data of their ability for cellulose decomposition [24] . All the found archaea belonged to genus Nitrososphaersceae widely spread in soils of Russia [25] . However, this OTU showed no significant dynamics throughout the experiment (see Fig. 2 ). As we are the first who applied the metagenomic analysis of gene 16S rRNA, it is difficult to compare the data obtained with any results of other works. The most authors studied the species identity of cellulosolytics revealed [26] [27] [28] , while we used taxonomic units. The data obtained earlier has been confirmed in our study on the basis of higher taxonomic ranks (families and orders), as the majority of works indicate that actinobacteria are actively involved in the cellulose decomposition. However, we have also identified OTUs belonging to genera whose ability to decompose cellulose in soil had not been reported yet (Chthoniobacter, Chitinophaga).
It should also be noted that all the regularities revealed have been tested only for the soil concerned (typical chernozem) and are subject to confirmation for other types of soils (sod-podzolic, grey forest soil, etc.). Further study of cellulose decomposition processes in soil will be associated with an analysis of cellulose hydrolysis enzyme system which is represented in soil bacteria by complex aggregates of proteins that can break β-1,4-glucosidic bonds inside of a cellulose molecule (endoglucanase), from the reducing and nonreducing ends (cellobiohydrolase), as well as in the glucose dimer cellobiose (cellobiase). Molecular genetic testing of microorganisms (including genomic sequencing) responsible for the destruction of cellulose-containing substrates is required as well.
Thus, we have obtained similar results using both conventional agrochemical methods and high throughput sequencing. The decomposition of the straw added to soil involved a considerable part of the bacterial community as this substrate was more well-balanced in the composition of primary biogenic elements and more natural for the soil. As a result, we observed the increased respiration of microorganisms, gain in their biomass through day 14 and further reduction in these parameters by day 28. Only a small part of the bacterial community appeared to be able to destruct pure cellulose, no significant differences in the composition of microbial communities for this variant over time were revealed. The obtained data on changes in a microbiome after introducing the straw and chemically pure cellulose may serve as a basis for developing predicative dynamics models for microbiomes during the organic substance decomposition process depending on a type of substrate to be decomposed and physicochemical properties of soil. Predicative models to be developed in future will allow studying relationships between the taxonomic and functional structures of the soil microbiome, as well as improving the composition of microbial preparations and their application methods.
